Objective: Diffusion tensor imaging (DTI) was used to study motor function prognosis in stroke and intracerebral hemorrhage (ICH) patients. In this study, we investigated the correlation between DTI and computed tomography (CT) and compared the predictability of clinical outcome in patients with stoke, ICH, brain tumor, and traumatic brain injury. Methods: We retrospectively reviewed 22 patients with brain injury who underwent DTI and CT. Motor weakness was assessed using the Medical Research Council (MRC) grade scores. The fractional anisotropy (FA) of the region of interest (ROI) of DTI was compared between the injured and non-injured sites. Results: The differences in the encephalomalacic changes of corticospinal tract injury between DTI and CT were not statistically significant in patients with motor weakness (p=0.09). Neither modality could predict the motor recovery rate (CT, p=0.89; DTI, p=0.86). However, DTI showed a significant difference in initial MRC grade (p=0.003). We evaluated the possibility of more accurate evaluation of MRC grade change using DTI. FA ROI in injured (450.73±105.32) and non-injured (582.18±99.68) sites showed a significant difference (p=0.00). Pearson's correlation coefficient showed that FA ROI ratio had a significant correlation with initial (p=0.43) and follow-up (p=0.012) MRC grades, but not with MRC grade change (p=0.67). Conclusion: DTI is more accurate than CT for evaluating motor deficit. It aids the treatment and rehabilitation plans in patients with brain injury. However, the prediction of motor function recovery is still insufficient.
INTRODUCTION
Motor weakness is the most common neurological symptom in patients with brain injury, such as due to cerebral infarction, traumatic brain injury (TBI), brain tumor, or intracerebral hemorrhage (ICH). These neurological symptoms have sequelae and affect the quality of life and motor functions 5) . The extent of recovery or worsening of neurological symptoms of brain injury cannot be entirely known. However, predictive tools with accurate information can provide the patient with better treatment and scope of rehabilitation. Therefore, researches in fields such as neurosurgery, neurology, and rehabilitation aim to predict the future outcomes of patients' motor ability through magnetic resonance (MR) imaging (MRI) 4, 5, 10, 14) . The MR diffusion tensor imaging (DTI) of the corticospinal tract has been used for the prognosis of patients with motor weakness 15) . Studies have also reported the prognosis of patients through changes in fractional anisotropy (FA) of DTI 10, 14) . DTI tractography is also used to identify nerve fiber roots before surgery to reduce post-operative complications 9, 11) . These studies have been conducted to prevent and predict neurological symptoms using DTI and DTI tractography. DTI is a useful tool to study the microstructure of the brain.
However, there are limitations to the ease and access of DTI and DTI tractography use in hospitals compared to computed tomography (CT). In this study, we aimed to compare encephalomalacic lesions between DTI and CT. We studied the accuracy of the prediction of recovery of a patients' motor function using DTI.
MATERIALS AND METHODS

Patient Selection
We retrospectively reviewed the medical records of patients Correlation between CT and DTI CST Injury with brain injury. A total of 22 patients were recruited in this study (15 men and 7 women). The inclusion criteria were as follows: (1) supratentorial region occupying lesions such as TBI, ICH, cerebral infarction, and brain tumor; (2) motor deficit on the day of admission or emergency room visit; (3) no previous history of stroke, brain injury, or other neurological diseases on CT or MRI; (4) DTI performed in the department of rehabilitation medicine at least 4 weeks after diagnosis (Fig. 1). 
Clinical Assessment
Patients underwent neurologic examination based on the Medical Research Council (MRC) grade at the first hospital visit and modified Barthel Index (MBI), follow-up MRC grade, and modified Rankin Scale (mRS) index when discharged from the rehabilitation department.
Radiology
MRI was performed with 3 Tesla scanner (Verio; Siemens, Erlangen, Germany). DTI data were acquired using single-shot echo-planar imaging (TR, 19,000 ms; TE, 2.19 ms; NEX, 1; matrix size, 215×256; FOV, 250 mm; voxel size, 1.0×1.0×1.0 mm). The brain was imaged with a section thickness of 1 mm and no intersection gaps, on 35 standard axial images. The diffusion-weighted image was encoded along 20 independent orientations, and the b-value was 1,000 s/mm 2 . A 12-channel phased-array head coil was used. The total imaging time was approximately 7 min and 12 sec. The encephalomalacic lesion on CT was followed up soon with MR DTI for comparison.
Image Processing
The DTI datasets were transferred to a workstation and processed using Neuro 3D (Siemens). DTI corticospinal tract injury readings were evaluated by an experienced radiologist. The region of interest (ROI) were manually drawn in the bilateral cerebral peduncles on the 2-dimensional FA map of the plane axial coil 20-channel file name ep2d diff MDDW 20 p2. The FA ROI were compared between the injury and non-injury sites. Additionally, the FA ROI ratio (FA-valued injury/non-injury) was calculated (Fig. 2 ).
Statistical Analysis
The analyses were performed using the SPSS software version 21 for Windows (SPSS Inc., Chicago, IL, USA). A p-value of less than 0.05 was considered significant. The values were presented as mean±standard deviation (SD). The continuous variables were presented as mean±SD for parametric data. A group comparison was made using the χ 2 test. The ShapiroWilk test was used to confirm normal distribution (p>0.05). The Pearson's correlation coefficient analysis was used to find the correlations among the continuous variables. Table 1 shows the demographics, clinical scores, and radiologic findings of the subjects. The mean age was 65.73±10.51 years. The lesions were located in the frontal lobe, basal ganglia, thalamus, insula, anterior communicated artery, and middle cerebral artery in 6, 6, 3, 1, 1, and 5 cases, respectively. DTI was performed within 138 days from the diagnosis, irrespective of surgery. Motor weakness was studied using the MRC grade, MBI, and mRS. Table 2 shows the comparison of encephalomalacic lesions between DTI and CT. The association of corticospinal tract injury with CT encephalomalacic change appears in 15 patients. The differences between the encephalomalacic lesions on DTI and CT were not statistically significant (p=0.09). Table 3 shows MRC grade in correlation with CT and DTI. The differences in MRC grade on CT between injury and noninjury sites were not statistically significant (upper MRC grade, CT non-injury site, 3±1.41, CT injury site, 2.37±1.30, p=0.523; lower MRC grade, CT non-injury site, 4.50±0.71, CT injury site, 2.68±1.49, p=0.111). In contrast, DTI showed a significant difference in MRC grade despite the small sample size (upper Table 5 shows the correlation between FA ROI ratio and MRC grade change. The Pearson's correlation coefficient showed a significant difference in initial (p=0.43) and follow-up (p= 0.012) MRC grades, but not in MRC grade change (p=0.67)
RESULTS
DISCUSSION
In most patients with brain injury, the first diagnostic imaging is performed using CT. It has many advantages over MRI, such as of accessibility, cost, and imaging time, and it can be used for rapid therapeutic planning, especially in patients with TBI 13) . However, there are limitations to the information that CT provides. Hence, patients have to undergo MRI. Currently, more detailed DTI, diffusion tensor tractography, and functional MRI than conventional MRI are also being tested 2) . We compared encephalomalacic lesions on DTI and CT. The images were analyzed by a trained radiologist. The results did not have a clear statistical significance in the differences of encephalomalacic lesions between DTI and CT (p<0.091) ( Table 2) . Although the results were not statistically significant, Ganesan et al. 6) found that the magnitude of the brain injury detected on conventional MRI were associated with poor motor function and patient outcome. The observed neurologic symptoms of patients suggested that CT encephalomalacic changes in size could predict the recovery of the patient's clinical symptoms. No statistical significance could be observed in this study probably because of the small sample size.
To confirm the accuracy and significance of DTI, we examined the correlation between CT and DTI in patients with motor weakness. DTI showed statistical difference in upper MRC grade (p<0.03) and lower MRC grade (p<0.00) (Table 3) . Thus, DTI can diagnose patients' neurological symptoms more accurately than CT. In addition, DTI is useful to diagnose axonal injury in patients with TBI who have normal CT and conventional MRI findings 12) . The information provided by DTI also helps patients' early rehabilitation, which is closely related to patient outcome. In addition, as shown in Table 1 , there are other factors affecting brain injury in each case. Neither the type of surgery nor the damaged brain site (basal ganglia, thalamus, cortex, and vascular territory) had a significant effect on patient outcome.
In many studies, the outcome of patients with brain injury (tumor, TBI, ICH) was assessed using FA of DTI 8, 9, 17) . FA is a measure of diffusional anisotropy on a unitless scale from 0 to 1. An FA of 0 signifies that water freely diffuses in all directions, while an FA of 1 signifies that water uniformly diffuses in one direction 1) . In studies involving FA, the pyramidal tract FA values reduced in patients with motor weakness. These changes were correlated with the patient's clinical symptoms and also affected their functional outcomes 3, 18) . We compared FA ROI on the injury and non-injury sites to predict the recovery of the patient's motor function using a ratio of the 2 values. FA ROI value was lower on the injury than on the non-injury sites (Table 4 ). These results were not different from previous studies 3, 18, 20) . The FA ROI ratio seems to be related to the motor status but not to the prediction of motor recovery. We obtained the FA ratio of the injury sites to the non-injury sites at one time point. Therefore, it did not predict the motor recovery. Yokoyama et al. 20) reported that an improvement in FA ratio was associated with a rapid recovery of motor weakness symptoms. In addition, reversible loss in FA ratio due to vasogenic edema and mass effect was more likely to predict recovery in motor weakness than that due to direct tract injury 8, 19) . Therefore, additional researches are required to correlate change in ROI with motor recovery.
In this study, 22 cases were included, and it was difficult to obtain relevance and accuracy. It is believed that statistical significance would be seen in numerical value with large sample sizes. In addition, there were no professional engineers to use the software in DTI, which is a limitation in many hospitals. However, hospitals have an expert radiologist and when compared to unprocessed DTI, limited CT may be helpful in assessing the patient's prognosis. Inclusion of various diseases causing the brain injury neglected the differences among the diseases, and there were limitations of the retrospective study design. We did not compare the initial and follow-up DTI, although changes in FA values appeared on DTI after 4 weeks. Our DTI was performed at intervals of at least 4 weeks. This suggested that gliosis and volume loss on TBI appeared after 3 weeks. CT was also used after 3 weeks from the diagnosis 7, 16) .
CONCLUSION
Clinical outcome prediction and surgical planning in patients with brain injury can be achieved using easily accessible CT. However, a new imaging tool called DTI is more accurate than CT, although there are technological limitations, such as tractography and navigation, of using DTI in hospitals. Therefore, DTI can be used to design appropriate treatment and rehabilitation plans for the patient, but the prediction of motor function recovery is still insufficient.
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